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(57)Abstract r — - . 

PROBLEM TO BE SOLVED: To provide an SDRAM ' \ 1 is", i ■ 

access control device capable of improving the using 
efficiency of SDRAM by preventing a wasteful cycle to 
the SDRAM. 

SOLUTION: This SDRAM access control device 
comprises an SDRAM command generation part 2 for 
accepting a memory access request and generating an 
SDRAM command by bank; an adjustment/queuing 
means 3 for adjusting a command execution request 
from the means 2 and inputting, according to the empty 
state of an SDRAM command queue and a data bus 
using queue, commands, a data bus use/direction flag 
and write data for write access to each queue; an 
SDRAM command queue means 4 for successively 
transmitting the commands to the SDRAM 8 in the input 
order and a data bus using queue means 5 for retaining 
the data bus use/direction flag and the write data, 
transmitting the write data to the SDRAM 8 in the input 
order at the time of write access, and fetching read data 
from the SDRAM 8 at the time of read access. According to this DSRAM access control device, 
the operation rate of each bank of the SDRAM and the use rate of the data bus can be 
increased to speed up the SDRAM access. 
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rvvx^mmwi^y^iz^m^tix^ch s d ram ( i/y9n~txm--~-y ? ? 

Kk. 

B«ie^<7)S D R AM37y F£j£¥K*>£><7)S D RAM3 ~?y KHfi^OM^SrlSf? 
U SDRAMuvyH^i-fcT-^^'X^fflJfi-OS^^CfEtT. flulESDR 
AMnv^H^MieSDRAMav^Kdri-^SAL. -f-?^'Xf£JB • 

HT?t^7>f hx-?£mrfEx-?Ax<$J3*a-t;:tJLAf £>Wf? • *a-W 

ttEHflc- ^i-^^#S*^SA$n^MIBSDRAM3-7^K$r. fliflESDRAM 
r? v >- H # a - L , £t A § iifc J*#fc: ? n y ? |c ISlffi L T 3&mrfE S D R A MMS 

lutein? • f yr^mfrbtkxzfttem&T-fi^xim ■ Hfoyyftm&A 
■fifoyyfi.zmtT. ?a hTr-txmzimnjA hr-^^mi^u-y^izmmtx 

flgf E S D R A M^i^di L . V — -fe XBtflZl* fly IE SDRAM^'J-h'f-? IE 
#«fcr&SDRAMT?-fe>tlW«RB. 

fl?is#sDRAM3v>-H^^g{i. »ie^*i^nv?<o#!hm&. itirt^jfi L^fltr 

IBS D R AM3 V V KkfliflES DRAM gticattJB8&*>4>*ilj LTfiUfrf &Xir- h U 
i^x? k . ffiflK>*>?*>*a»#7?T- -f k # . SiRSilT^S^-vtfm^y H 

l^x o »7 T H ^'x? £«§;iT v i k £#&k -T-Sff 331 ltcEtttf) S 

D R A M T ? -tr X M flj^ffi . 
CW^«33 

i5ie^sDRAM37y h&jr^bmu flyie^'^^^^'fltneT^x ^*t®cijv^T 

gj£ $ tl?Z* t U T ? -fe X "J ? XX h O^L- ^>'fly IEQ *} TYVXVVX? £ ftT 
l^a'7rHl^X<7)S-r-l>^.-^kPl— <DtZli. 7\)+*— t J'3-z>YhT9 ; T4 /3 
v y H fflit L . S3r £ ^(co^fly ier 'J - iSa -7 y K k flulBT 7 -f <* f 3 
H ££j£-TI> Z k k f •Slt*^ 2 fclBtttf) S D R AM T 9 *.XW®3kW.. 

[000 13 

l£%m±. SDRAM^^XtC^tLT^N'y^-f y?V-7T7 ■txZmfXt&SDR 

AMT7-tx®mmmizmL. mz. t^v^xmmwmzfotx'ZzsDRAMT?*: 

[0 0 0 2] 

i£^, sXhffiksSIB^'o. VN'yn^ffltAfitC^ifcciUiLT^i.SDRAMS-K^ 

mm&izmm-tz z tw&KKciz^z . sdramii ^yn^cpu^^/yi 

^flg^fgfl-SiXTV^. ZtlZASl CZfTmm-t&tzMZte. -5i<0SDRAM$lJfflI 
a v y H x-t^X SrSDR A MfcaiS"f *ffltt«itt#£*fc $r -S» ♦ 
[0003] 

^COSDRAMA.cOT'^-tX^SfJffll-rSSDRAMT^-feX^JPIISi: LTfi, fflilf , 

Tie<o#^®: i ^>«pi«dtt 2 kis^s ^ t <7)*>'-«iictt htix \ ^ . ; o#i^^®: 2 

^ie®^SDRAMT^-feX$(Jiai^g5 0 2(i. 06^-T«t-5t, T-b'^506i:3 
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-7 y KMrn ••/ 7 5 0 7 b 7 K V^gficfxi 7?508tf-^77 ,9 50 9 
fr^ffitfLZtlXtS*). ^077504, 5 0 5*»4>£7)SDRAM8^OT^-feX?rSiJffllL 

[00043 

/O7?504, 5 0 5*^OSDRAM77tX'J?XXKA5$ ) | 1 i : T-t^5 06£ 
ItT37yKM/n7?507t7;t^37yK > r'Jft-y'37yKf(7)S 
DRAM37>K^ML. TOLt7Kl/X^/D77 5 0 8tD')71 < U^, Jjy 
A>?Th'^X$r^&U 7 7 f/o 7 ? 5 0 9 1 'J - h'f-7 , 5 

ft-y'37yK tzrv^-^W)i^mm^(0^^^ mm 7tUtf<£mx°hZ>. U>»U 
SDRAMI±i>S^>7t:fcwt37y HUff 4>tcPJw O ? lz& t vc t ^ v y H <^Hfif 
^Igt'^S. TY\/7S£&&7x3»/'? 5 0 8(2T, T H l^tf)^? higgSrfi^ 

y7<7)T01-r—zS3-?y\z % T7"r4 7a-?y WWfeWzMw^yfW— K37y 

[00 0 5] 
[«SW&R1 ] 

1fffl¥8-2l 2 1 7 0#&« 

«i?2 0 0 0-3 1 5 1 7 3^fg 
[00 06] 

L#>L&#£>. ±ISt&IWj^SDRAMT?*X$WgST'Ji. ^(^V/A^t 

•rxKwtyf^nTf-txwfrtotuf* m-v>j^y7i,zm-h7-7*.xifimkLx%t£. 

[00 073 

vf^xhztL&jt^vTf-txtfhhmmmmzft-ox^x. 

K?)77-tXtffthtlZ,tLX{>. 7^Ah<7>miSm.lz£^Xim-'^y7lzM 

F OTWtWC* & <0tHfff# -1. 3 v y h «o$r t **sft3nM ? ;u#Sfc£-f & . 
[00 083 

jfi^, SDRAMOfiBilSi£T(Cj;oT. tgSfcOiJUBDRAM^jlSRAM?- SDRAM 
TS# § < & ->"0 Zixt>cvm&X'li;<-x h&m&fWt-x 

[00 093 

iMmmgAzmfrx-zzixtz^x'. zcosmt. sdramic^^**®^ 
im ?;K?)%££is&itu sDRAMCD&^yrcomfmtT-f^xcDmmitomzfti. 

X'Z&SD R AM77*AfflW3i&Z&Vt-r& Z t IZfyh. 
[00 103 

[ IiS:Sftt5 fc*x*>*a 3 

COSW2:^-r^7t^2|s:%BJ(^i, SDRAM T^-feXftJffll^Sti. 7 Y\sX*EBA1fi 
m&<0;*y7<,Zttm2tlX%&SDRAM<?>T7*X®m£fto SDRAMT^-b-X^JP 

giwiz&^x. mi&mco^yriz&suzttmL. s&SLLx%mnB-r&'*y7izm-& 
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^^'JT^-tX'J^XXh^ftWt, S DRAM FZ±fct2>im<7)S DRAM 
(CJ&tT, BUfSSDRAMavyH$-1!iieSDRAM3vy,HJf jL-tJ5At. 

A-r-spf? • . mrfEfHf? • f >-^#K*^tSA$ix^Hfnes d 

RAM37^K^. mrieSDRAMn-evH^fa-^fi^L. JSASftttil^C:? n <y? 
C|5lffiLTai?^<rieSDRAMMg3*-r-5»SDRAMavyKdf a-#gfc , l?f£ia<? • 

A M^j*tii V — VT?-txmizl±mMi S D R A M a>£> >J - H t- * £ stilE? a -y ? 

e 

[00 11] 

»C» *3raK«*SDRAMT?*X««RaBi. fulE#SDRAM37^K£f£^K 
(±. tt/S^SiiirfE^V^tfigSr. ilmitc^t^HtrlESDRAMnv^h'hfnESDR 

AMa*<o«3Da»*»^jicaj Lt^ti.^f- h wx? t , b?ie^>^^^t^ 

?£(S;i, 4fc» HuiE^>^<7)»biB<rlET^X'f r««Bt:*i^TB*$nfcSDRAM 
T^^^U7xxhO^-^^1uIED^TK^^P^X^^^$nTUSo'7rKl'X 

±U P^^^tco^HulErU^-^'a^yHfcmFfEr^x^rnv^K^^^-^ 
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^BJtC^-SSDRAMT^-b^JPJIS (UT, MR r*mB8S.J fcv^. ) O-H 
[00 13] 

laiC^-fi.a^. H&<7>SDRAMrJ-7yF£jftgB2 (2a, 2b, 

2c) fc. SWf ■ f V^*R3fc, SDRAM37yh'^i-fg4h. 

[00 14] 

SDRAM37V 2 (i . #ISBJ§£IS 1 CDfflfflHMiX'h SSDRAM8 <7>1f < 

(BANK0~n) (C^ffELT nffl&kW htlX $5 9 * SDRAM8t7?t^f|,± 
ftT/O-y? (ia*-^-f ) *^Mf5-f-l./N'>^^LT^$it^SDRAM8lC?«-|.^ 

*VT7-txy?ztxhZ s %imif. Si 'J 7xx h cmjs l/; s d r am k <t 

^f- -f 7*37yH, 7*'Jf-v— y^yH, U — 7^fh3-7>-h\ IJ7U7 

^ A 3V>-K^SDRAMEI*<7)$lJfflln-e^H) 
[00 1 5] 

«-SDRAMr7-7^H^gI52«a, #S D RAM3 7^ H^fi£g52*^C^"rSg 
^•SDRAMav^h'Sr^S^tC^M-f 5Xf- 6 i: . SDRAM37V 
K£j£SB2 Izm&ZtltzX*: V T9*zX 0 ?3LXhtmwHZT7 *zX Ltz^-i^b R-^ 
- xtJtt & t <7)*> fc* o tPi mfe-f h tzthlz&mt Z>u*7TYV>X\si;x?l$:ffiz_X\^ 
h. Xf-M^xX?6l±. SDRAM3V>H^^2*ntHtr^^tL^SDRAM3 
-7yh'i:SDRAM8ef*:cO*t^^^4>. SDRAMS^ttJfc^^:?!*)^^- 

T^-r-f rtSOtl, M$iXtl ( ^SDRAM8^i^->''OD'>7KUX!rffi^ 

[00 16] 
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7W8. IZ& V vcRfcSitfc SDRAM7?tX'jmh W<— S^'o -)7KWl/y'X 

KtT^f^ :/av>-h'<7)£.i££ttJitU W&hM&zWTV+'r-is^yYbT? 

T*#ft. 
[00 17] 

!Hf? - * f y/^g3ti, SDRAM3WK£j£#K2j&^iMaj$ft*:SDRAM 
avy Yiz£ ft SDRAM37V HlgfrSSRSSltfttt, SBa?*jWR^r*«^t:;it 
4>£WffU awKHfrJt/F (flBfcH) Sr&JTTft. SDRAM37yH*a- 

. Stta^vKJtfrJIlfftctiEfct. SttttlWrSDRAMnvyh'SrSDRAMavyH^ 
.x-¥83K:iM£iJU -r-^^'X^ffl • fiftyy^tyA bT9-tX^<7)yA hf-?J 
T-^'xfcJB* a-fS4 fc&ai-f ft . 

[00 18] 

SDRAM37y^ a-fg4lt 9ff* =^-4 y^g3*^i*ai$^SDRA 
Mav>-F£ N SDRAM3?yF^a-(0XD7 K:-I«)|L. »tft»tfe«HK= ^ 
n -y 9 \,zmm LT S D R A M 8 ft . 
[00 19] 

m • fifty y 7b yA h-r-^^^ttJXOx-^^N'^^ffl^a.— <F>xu y hlz— b.«J5L 
„ r-^^^ttffl • fifty y7?mizmtXT-fJ<xcDAl}iJj8lW£ni. mtkmzn 
. ^ftttWcJtSC 5-f hT*-fe.XI»tel±9-r hT-^Sr^a-y^tl^JWLTSDRA 
M8"^8ffiU y-KT?Hr*B$fcJiSDRAM8*^ij — Kx-^fc^n^teRffl^ 
TUXOS^GMSU ±{i:/a>y? (BKW) teHSaWft. 
[00 20] 

. 1 c7)##g 2-5 ^iftf^tCOV iT mtt* . 

[00 2 1] 

llil7*D7^H *^BJ^S 1 Cctt L T $ fifc * * y T ? * X U ? x x Mi , * ^ 'J 
TVUXWlyfy 4—>U)t0tf&:t»btZjmL. ttJfr-f ft^'^OSDRAMaw H 
4K»2fc:^*yTKU^i: fcttcfgiWSftft. Stfc, i^ ; E'J7m , J^h*« 
54 H7?-bX(7)^li, 54 hf-^tWt:*tjetl.A'y?WSDRAM3?yF4 

[00 22] 

iiT. SDRAMav>K£j£gB2fi. X^-bl^'X?6£#B3LTffii!$-rftSDR 
AM8W^?«Sft«RSW»6. »:4J$Wj:SDRAMa7yK^ Mflt - * 
^.-^ >^g3(2SDRAM3V>H^$rjHai-ri.. <rU<i. H5E<7)SDRAM8^ 
«SW« r 'Jft-^yH Hff^T«®^«f 'J - Y*?y A h <r>* V T 9 -fex 0 9 x 

*h**jMior, r^x-f^v^Kg^^ait, iiS'j^xxhcTj^^-^hisi-^ 

-ittfTfT-t 7$ffirehtll$wmz V - Haw Y&tzlZyA ba~?y H5S»*j*iBf 
ft. TUf-*— ^3-7>F»f«aBW»9-f FUa^y^ASEavv-K^fraOFWOr 
fc S ti 3f£; <0#<S#>'a v > HUff *imt * ft 4 -ca -e > H5SR*flM* UWff ■ * * 
— f ^^#S3lc<iiSaiL=5r^. 
[00 23] 

ZMZ. SDRAMa^yV$iS8.&2frt>miii2tLfzSDRAMa'?yvmmt. m&-* 
a.-A >-i/^a3(Ci>V^TSDRAM3V>-h'<7)||ffl!|I^3&^^$iX. SDRAM37V 
F^A-^S4^SDRAMn-7^Hdf jL-(cSA$ilft. 4fc. SDRAMf-^'X 

^T-?^x&myy7tT—fJ<x<Dft%Z^?-?/<xfiftyy7tf*ybZ^ 
ft. 
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[0024] 
[0025] 

02, m3lZfrk-f£olZ^ SDRAMn^yK^-JiS^tlltf+OSDRAMnv^h' 
[00 26] 

i ?D-y?£g-f sot\ <jw>im ^^Tx-^sraj^j^-fr-s^^ox-^^' 

£«JttJ»** t --StLfc$r4>fcr. Uh-3~?>Ytf$gf*imtLX. SDRAM37VH 

WWiUTl^hLt. Jft4SDRAM3?yHmi-CaA*ft«^n 
[00 27] 

ASl/-ff^»2^07^^4y , D7^^ tZnWMWT-f^XCOmZ 
§:Jt$£ LT , S#**S>ntf3V^H$-SDRAM3-7^H^f a-CgAtS. r'J 

WX\ 7-?J<xmm**-<?>777'<nmiZ£^i*lZSDRAMa^>}z* J L—lz-ty 
h-TS. ft. SDRAMavyK4fef£gP2(iSDRAM8WN'>^OS[7t'(tfflS§ilT^ 
&cr>X\ W^cO^y^^^SDRAMa^y^m^M^LXmW ■ — f 

tit. SDRAM37yHdfa-Ct 7 h- $ii/iffit2:?n y J: 0 lSf0^y7h§ 
ft, ^SDRAM8^i*$il. SDRAM8(;T^SDRAMn-7>-h-*>'||ff$iX 

§. x-^^'x^^i-c-fe-yhSix^fflt^D-y^^ioig-r-ofev-^hsn. ; 
LT 'J - Kx-* t LT±firo .y ? icasa-*-* . 

[00 28] 

m4i±z\ti^e>- : &<7)&mz£&mftMZ7jk-t7'< ^yymx-hh. m4tz^txoiz % 

0c7)SDRAM3-7>K^#g2. li7)SDRAM37yKMfg2t4«$ 
ilfcSDRAM37yW. - f ^^&3£iItT*i— f ^$*ITSD 

RAM8£&A3*U SDRAMSWA'y^O^ A>-? 1 T'M^JC^-Kj^'UfiSilT V* 

h. 

[00 2 9] 

?*^v7WX'hh. H5^-riac. 3#a(cA73$ii^N'>^2(^-r.g.7-f hr 

7-tXV7^XhlZimg(DJ<y7 0t l Zl!ft& : 7J hT7*:XV ?x.Xhi,z£&?J 

l (;^tf-§ 'J-HT^-txy^xxMCJ:^) iJ-K37yKliCASl/'f fyi^co 

mmofttr-? ^xcDx&xwmmcDmffltf&^ttfr. itttz3mgco?4 hrr-tx 

^Xh&tetLXm&VJ tlVtfmbX'Zh. X->X. ZcoXoZV-FTf-tXV? 

^xhtv^ vT-7*Lxv73Lxhtf?am-tz>m£X'h, *&,wmw:£&m-rtii£. ant 
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c f—?rtx<r>x5-i/3.—vyy&n?ztx\ s d r AM^\'y^^iff$t f - 

X<D&mm£±&Zit . S D R AM7 ?-fc*<O©i$ft£06 .1 i: #T'£ 
[BnB^)flS#*»q8] 

[Hi ] *»DHC«* S D R AMT7*XfflW&&C?)-mM<mmnffif&Z^-t7 r v -y 9 

m 

[02 3 *%,mz{%ZSDRAMT7*:A%m$iW<?)74 h3?>K»j»tiJltilff 

1)11 

[H3] *&mzm&sDRAMT?*x®w&w<?>v-\ : ?^>) i m?miz&tfz>m& 

• f yf^fStb SDR AMZJ-?y)t* a—. f*— ?A*t^«*jL— aKrfts&Rgtt- 

£0 

[04] *?KBfc«4SDRAM7^«IWBaifcJ:4^«<OSDRAMa7yK 
4SSiSDRAMA^37yHjU. Xtf. SDRAMCD^^^OiSf^KS^^ffti 

[05 3 'J-HT^-feX'J^i^hh^-f hT^-fe-X'J^xxh3W3£IH-*«^K:tJtt& 
. *»*t«&SDRAMT^««I«ISBfc:J:4i»<>'^«<?5SDRAM3"7>'H4ai: 
S DRAMM)3?y HSA» SDRAM^*y^^^fjMfc<B^BWlLhtf5jt^ 

[06 1 flgawsDRAMT^-fexiWfliiartfjfliiRwtscf rn •/ ?0 

[07 3 t^^SDRAMT^*^lW»iM<0«iWHW<0»ff*Srf^>f S >^0 
[«P#OlKHJ3 

i ^jMBcissDRAMT^-fe^iBiaeai 

2. 2a, 2b. 2c SDRAMavyK^g 

3 f>^*« 

4 SDRAM37yF^i — -^8 

6 Xf-bUy'X^ 

7 D^TK^l/^^ 

8 SDRAM 

9 r*— ^/n'X 

50 3 m&CDSDRAM**:VfflWmW; 
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5 0 6 T-h** 
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